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BACKGROUND AND PURPOSE
Recent medical policies in Japan promoting digitalization in the field of healthcare have led most healthcare facilities to adopt filmless operations. [1] [2] [3] Japanese citizens are obligated to participate in the public insurance system and are required to make payments for medical expenses according to the medical fees 4) . The Central Social Insurance Medical Council evaluates medical practices and revises the medical fees every two years. These medical policies are greatly affected by medical fee revisions, and those for filmless operations is no exception. With the adoption of filmless operation, the method of image data sharing for regional hospital cooperation also changed. For patients with long medical histories, the form of image sharing shifted from heavy films to convenient portable media such as CDs with stored data. This shift reduced the burden on patients, who no longer need to carry heavy films, and also reduced the risk of losing medical records (image data), which the providing facility is obligated to maintain. Currently, transferring images stored on a CD, in compliance with the Portable Data for Imaging (PDI) standards, 5) as defined by the Integrating the Healthcare Enterprise (IHE) initiative, 6) is widely practiced. [7] [8] [9] PDI images brought in from external facilities in this manner are usually stored in Picture Archiving and Communication Systems (PACS), with attribute information 10) changed according to each facility. [11] [12] This enables internal images and brought-in images to be viewed on the same device using electronic medical records or other software, thereby improving diagnosis efficiency. As a result, an increasing number of hospitals are storing all brought-in external PDI images in PACS in Japan [13] [14] and other countries
7-9)
. Reportedly, a data storage size of 1.4 TB is required for PDI images every year, using up a great volume of PACS capacity. 15) Such image transfers, however, may be conducted without clearly defining image information or the responsible creator, which we believe to be a crucial issue. Despite diagnosis efficiency being the top priority in clinical practice, the required precautions for electromagnetically storing images have not been sufficiently evaluated.
In March 2005, the Ministry of Health, Labour and Welfare released "Guidelines for safe management of medical information systems" (Safe management guidelines). 16 ) These guidelines include "Guidelines for storing medical records and related documents on electronic media in compliance with legal storing obligations" (including external storage of paper media) and "Information system operational management guidelines for personal information protection in medical-and nursing care-related facilities." The Japanese Society of Radiological Technology focuses on the concept of "locked records" for confirmation of authenticity, as described in these "Safe management guidelines," and requires clarification of the "timing" of this process.
17)
The process of initially storing image information in PACS includes a decision operator, with the individual conducting the operation being the responsible creator. When PDI images are stored in internal PACS, it is important to clarify both the timing of decision and responsible creator. institutional requirements for responsibility in creation are described as follows: "Regarding electromagnetically recorded items, the responsibility pertaining to the creation of the subject electromagnetic records should be clarified."
Business Process Management (BPM) is an approach used to manage task processes that is widely known for its efficiency. 18) The Plan, Do, Check, and Act (PDCA) cycle proposed by Deaming 19) can be cited as a typical example of BPM. While some reports in the literature have focused on BPM in the medical field, [20] [21] no previous studies have focused on the use of BPM in the field of radiation. The method used to store PDI images for PACS is very complicated as it involves many individuals. We aimed to clarify the problems that occur after extracting the series of business processes to which BPM was applied in the present study.
The primary purpose of this study is to identify the cost structure of storing PDI images and determine the optimal workflow for importation operations using Activity-Based
Costing and Activity-Based Management (ABC/ABM).
METHODS

Preparation of task process diagrams
The task of storing PDI images that are brought in from external medical facilities by referred patients in internal PACS requires great care. The task process by which PDI image data are stored in PACS after being received differs greatly depending on workflows, but can be divided into storing data before or after medical examinations. [13] [14] Workflow 1 was defined as the procedure of storing data in PACS after medical examinations, while Workflow 2 was defined as the procedure of storing data prior to medical examinations. Additionally, Workflow 3 was defined as the importation of data using Temporary PACS to store images prior to medical examinations. In the present context, Temporary PACS refers to a server that secures a specific domain on the hard disk in which old data is automatically deleted when the data volume exceeds the domain's capacity. 22) Visualizing these three workflows allows each task process diagram to be easily understood, while allowing for the identification of problematic issues.
The Unified Modeling Language (UML) method is used in this study to visualize task processes. The UML was approved as a modeling language standard by the Object Management Group (OMG) in 1997, and includes a specified form of Activity Diagrams. 23) These Activity Diagrams, which are commonly used to depict the control flow of programs and are useful for describing task orders, [24] [25] were used to create task process diagrams. In each workflow, a circle indicates the initiation or completion of a task, while a rectangle indicates each task. The flow of each task is indicated by connecting them with arrows. Task process diagrams were created by interviewing medical assistants and radiation technologists who were involved in the daily tasks of image delivery. Task process diagrams were created using astah* professional 6.7.0 (Change Vision Co., Ltd., Japan).
Task analysis using ABC/ABM
Task analyses of the three workflows were carried out using the task process diagrams created as described above. In management accounting, direct costs are defined as items with identifiable prices, such as drugs. Conversely, indirect costs are those for which multiple tasks are included, and determining the relationship between the source and the cost accounting subject is difficult. In examining referral patients, importation of brought-in external PDI images was included as an indirect cost because various occupations and departments were involved and it was not directly connected to the examinations. For task analyses, ABC, a method of accounting that addresses indirect cost allocation, was used. The ABC method calculates cost per activity unit by classifying tasks into smaller activity units. 26) By subdividing the task process into activity units, ABC enables the calculation of labor costs required for data importation.
While ABM uses ABC as an analysis tool for task improvement, 27) the main characteristic of ABC is that it separates final results into value-added activities (those that add value), and non-value-added activities (those that do not add value). The resulting information allows for re-examination of the overall task process by determining whether or not each activity is adding value to the product. Previous studies in the field of radiation [28] [29] that used ABC showed most of the tasks related to storing brought-in external images in internal PACS to be non-value-added activities. Watanabe et al. demonstrated that the application of ABM improves systems with non-value-added activities.
27) The present study used ABM to evaluate activities within each task process, based on the cost accounting results obtained from ABC.
In this study, each process was subdivided into activity units, according to the three task process diagrams. These activity units were then further separated into tasks carried out by physicians or tasks carried out by other staff members, and analyzed. In order to evaluate the task of storing PDI images in PACS, the cost drivers (criteria for assigning indirect costs in ABC analysis) of "time," "unit price," and "number of times" per activity unit were collected and analyzed. The mean time for each activity carried out behind the scenes, such as in outpatient examination rooms, was calculated. The unit price was based on the Basic Survey Based on these results and the analysis described above, we aimed to determine the optimal workflow for meeting guideline requirements. Data collection for the present study was approved by the Institutional Review Board of our hospital.
RESULTS
The general operational task process for storing brought-in external PDI images in internal PACS is depicted in Figures 1 and 2 . The horizontal axis indicates the occupation of the individual completing the task, while the vertical axis indicates time. In Figure 1 , non-physician medical staff members store brought-in images in PACS, based on directions regarding which PDI images the physicians want imported. Since the time of image storage in PACS is regarded as information establishment, the persons responsible for establishment in Figures 1 and 2 are medical staff members. Figure 3 provides a task process diagram in which Temporary PACS is used by medical staff to store all brought-in PDI images prior to patient examinations. Physicians can then view images stored in the Temporary PACS and subsequently store only data necessary for future treatment strategies. In this process, the physicians are responsible for information establishment.
Each process from the three task process diagrams was broken down into activity units. The results of subdivided activity units for the three processes are provided in Tables   1-3 . The number of activities is largest in Workflow 1, which includes the additional activities of "select images to import," "transmit selected images," and "request CD delivery," as compared with the other workflows. Workflow 3 has the second largest number, characterized by the additional activity of "issue transmission orders (store in a temporary server)." All activities in Workflow 2 are also included in the other workflows.
Within each The proportion of time required for each process based on the time required for included activities is provided according to workflow in Table 4 . In Workflow 1, the processes in which physicians were engaged included "view image data" and "issue importation orders," accounting for 56.6% of the total time. In Workflow 2, the only process in which physicians were engaged was "view image data," accounting for 36.5% of the total time. In Workflow 3, the only process in which physicians were engaged was "view image data," accounting for 38.6% of the total time. Chicago, IL) revealed that differences in the average operating costs of the three workflows were statistically significant (p < .0001; Table 5 ).
DISCUSSION
In the present study, task process diagrams were created using UML for the three workflows used for storing brought-in external PDI images in internal PACS. By organizing each process, we were able to visualize the task processes that occurred from the time of patient visit to the storage of brought-in images in PACS. Processes were thus classified into actions such as "patient registration," "view image data," "issue importation orders,"
"importation of image data," "store images in PACS," and "return portable media." Our results clearly indicated that the timing of storage in PACS differs between these three workflows. In addition, the occupations of individuals carrying out data storage were identified, and the order of task procedures was differentiated. Due to the possibility of misdiagnosis, introducing life-threatening conditions, and inducing malpractice suits as a result of using images improperly stored in PACS, 16) a responsible system operator must be designated to prevent false entry, information alteration, deletion, or mix-up of images. In addition, it is necessary to designate the person responsible for data creation so that it is clear to a third party. 31) As long as it is made clear that image information will be locked once stored in PACS, in addition to there being a clearly defined responsible creator, physicians can safely conduct medical examinations. 17) In Workflow 3, in which physicians themselves store data in PACS, the physicians are both the deciding operators and responsible creators.
However, in Workflows 1 and 2, in which medical staff members store data in PACS, the deciding operator would be a medical staff member. In Workflow 1, in which a medical staff member imports data under the direction of a physician, the physician is likely the responsible creator. In Workflow 2, in which brought-in images are stored in PACS without definitive direction, it is difficult to define the responsible creator. In the event of an "oversight" other than findings related to the referral disease, the risk of litigation, in cooperation with the medical institution of the referral source, increases. 32) Workflow 2 is thus a dangerous process. This study demonstrated that Workflows 1 and 3, in which physicians with specific medical knowledge are the responsible creators, fulfill the requirements of the guidelines and pose no issues in terms of workflows.
While the task process diagram provides simplified information that is easy to understand, it is disadvantageous in that the time required to complete each task cannot be described in detail. In order to compensate for this disadvantage, further analysis was conducted using the concepts of ABC/ABM, to assess the cost drivers of time, unit price, and number of times. From the aspect of tasks, it was revealed that in Workflow 1, the processes of viewing data and issuing an order are carried out by physicians. These processes account for approximately half of the overall tasks performed prior to storing data in PACS, which obviously places a large burden on physicians. Within this workflow, physicians receive PDI images from patients, check for viruses, browse the images using an unfamiliar viewer, and then issue an order for storage, which we believe affects other examination tasks, leading to the disadvantage of less time being available for examination. 33) Furthermore, since Workflow 1 requires the longest time for physicians to be engaged in tasks, the operational costs are also the highest. In Workflows 2 and 3, the main task of physicians is viewing data, which places a much lower burden on them. This indicates that pre-examination importation methods can significantly reduce physician workload, as compared with the workload associated with the post-examination importation method of Workflow 1. In addition, Workflow 1 requires the physician to use the viewer provided in the patient's PDI image CD with which he or she might not be familiar, while in Workflows 2 and 3, data are always browsed via the internal system viewer, with which the physician is familiar. With less workload and lower costs, Workflows 2 and 3 proved to be better workflows than Workflow
1.
Many of the facilities that use Workflow 2, such as the facility reported by Hagiwara et al., 15) store all brought-in images in PACS. As such, the number of unnecessary examinations has decreased, yielding a reduction in the time required prior to treatment initiation.
34)
Although this result is advantageous to patients, it places a large cost-burden on the hospital. According to Hagiwara et al., a data storage size of 1.4 TB is required for PDI images every year, which equates to a US$5,000 expenditure. 15) There is, therefore, a need for hard disk extensions to store unnecessary images, which requires additional cost for hard disk extensions and maintenance. Hagiwara et al. have also reported that PDI images accounted for 22.8% of the entire PACS data, putting pressure on PACS capacity.
Cross-Enterprise Document Sharing for Imaging (XDS-I) can solve these issues. Using this method, the sole location where data are stored is shared, so there is no need to copy or transfer actual data. While this system is an advanced effort to share information among multiple medical facilities, it has not yet become popular due to issues such as linking patient IDs, which differ between hospitals, as well as the need for a large initial investment and operational costs. 15) Therefore, given that the capacity of PACS can be reduced by 37.5%
when Temporary PACS is used, we recommend the use of Workflow 3, which is efficient not only in reducing the PDI image size for PACS but also in eliminating the risk of improper image modification.
In Workflow 3, which uses Temporary PACS, the possibility of PDI images exceeding the capacity of PACS is low. This is because physicians are allowed to store images in PACS by selecting the images necessary for future examinations or therapeutic strategies. Because images that may be overlooked are not stored, they do not take up space on the hard disk. By estimating the possible data volume during the system operational period in advance, the initial cost would only include hardware costs required for PDI Images. The monthly cost for Workflow 3 is approximately ¥64,000 lower than those of Workflow 2. While Workflow 2 has the lowest labor cost in terms of task processes, when taking into account the capacity and cost of PACS extension, the risk of appeals 22) , and non-fulfillment of guideline requirements [16] [17] , we believe Workflow 3 to be the best workflow.
The three workflows used in this study are part of the storing PDI images use cases introduced in the IHE Radiology Technical Framework widely used. As the use of PDI images will continue due to the high costs of the XDS-I system 15, [34] [35] , healthcare facilities that follow the IHE Radiology Technical Framework can benefit from our study.
Limitations
Since the primary focus of the present study was to define the timing of information establishment and to determine the responsible creator, some items that are commonly used in ABC analysis (including equipment costs, maintenance costs, space costs, and material costs) were excluded from the analysis. Moreover, although the time required to complete the same processes could differ between importation operations, the time required for each process was set to a standard length, as it was impossible to measure the times of all included processes.
Conclusion
The present study used UML, a BPM method, to determine the task processes involved in storing brought-in external images in PACS, in an effort to confirm whether or not these processes fulfilled guideline requirements. By carrying out cost analyses using ABC/ABM, pre-examination importation using Temporary PACS was determined to be an economical and safe workflow that adheres to established guidelines.
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